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The aim of this study is to compare productivity and costs of medium-sized and small-sized harvesters in pre-commercial 
thinning. In this study the data on harvesting productivity were obtained in stands, where biofuel was prepared using two 
medium-sized and two small-sized harvesters equipped with different harvester heads. In total 677 m3 of wood was prepared 
with medium-sized harvester, but with small-sized harvesters 1 164 m3 of wood was prepared. Although the total annual costs 
of small-class harvesters are lower by 16 %, comparing with middle-class harvesters, the productivity rates shown by the 
middle-class harvester John Deere 1070 E (equipped with H 754 harvester head) are significantly higher and the average wood 
preparation costs are lower, comparing with the other harvesters employed. 
 




According to the sustainable development strategy of Latvia until 2030, in 2020 40 % of the final energy 
consumption should be provided by the renewables (Atjaunojamie…, 2010; Latvijas..., 2014)⁠. Small-dimension wood is 
the main biofuel resource to be obtained in pre-commercial thinning (Iwarsson Wide, 2008)⁠ and can significantly increase 
the use of local renewable resources (Lazdāns,  2008; Lazdiņš, 2014; Lazdiņš, 2015). As the previous studies show, that 
amount of unused small-dimension wood is significant and in pre-commercial thinning constitutes from 700 to 900 
thousand m³ annually (Lazdāns, 2006)⁠. The largest potential of energy wood in Latvia is concentrated in forest stands, 
whose age ranges from 21 to 30 years (the average tree height of the stand ranges from 10 to 11 m) (Lazdāns, 2006; Lazdiņš, 
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2013)⁠. Several different technical and technological solutions are possible regarding extraction of energy wood (Lazdiņš, 
2012).  Nowadays the energy wood and logs prepared in thinnings are delivered to industrial manufacture, which is related 
to certain quality standards, therefore also in Latvia, following the example of other Nordic countries, in the recent years 
pre-commercial thinnings are increasingly mechanized, however this process is slow and to a great extent influenced by the 
lack of qualified labour force and the large investments. Nowadays harvesters are built and classified according to their 
tasks and the suitability of the machine type for a certain felling type is mainly determined by machine dimensions, its 
ability to move in the felling site and its engine power. In Latvia medium-sized harvesters are mainly used in logging, 
because the machines are relatively compact and can be adapted to both thinnings and final fellings. In other Nordic 
countries in mechanized pre-commercial thinnings, where mostly energy wood is obtained, small and medium-sized 
harvesters, which are intended for processing of individual trees or whose felling heads are additionally equipped with the 
mechanism of accumulating several stems, are most frequently used (Kärhä, 2004)⁠. As there are no technical obstacles for 
preparation and processing of small-dimension wood, the main problem is economic efficiency (Lazdāns, 2006)⁠. The aim 
of this study is to compare productivity and cost of medium-sized and small-sized harvesters in pre-commercial thinning. 
 
MATERIAL AND METHODS  
 
The first part of the trials was done in summer, autumn and winter of 2013 in the central part of Latvia (in the 
vicinity of Skrīveri) in ten forest stand areas managed by the JSC “Latvian State Forests” (hereafter LSF). Similarly, data 
were collected in the summer of 2017 in the northern part of Latvia (in the vicinity of Līgatne) from trials in two private 
forest stands. Trial stands were selected by the average tree height of the dominant stand (ranges from 9 to 11 m), stand 
density (the number of trees equals to or exceeds 2000 trees ha-1) and terrain suitable for mechanized logging. The study 
compares the data on productivity obtained in pre-commercial thinning using two medium-sized and two small-sized 
harvesters equipped with different types of felling heads. John Deere 1070 E is a medium-sized harvester (mass: 15.5 t, 
engine power: 136 kW), equipped with the H 754 harvester head (weight: 820 kg, felling diameter: 55 cm, boom reach: 
9 m). John Deere 1070 D is a medium-sized harvester (mass: 14.1 t, engine power: 136 kW), equipped with the 
Bracke C16.b harvester head (weight: 570 kg, felling diameter: 26 cm, boom reach: 9 m). Rottne H8 is a small-sized 
harvester (mass: 10.2 t, engine power: 125 kW), equipped with the EGS 406 harvester head (weight: 480 kg, felling 
diameter: 33 cm, boom reach: 7 m). Vimek 404 SE is a small-sized harvester (mass: 4.5 t, engine power: 50 kW), 
equipped with the KETO Forst ECO harvester head (weight: 305 kg, felling diameter: 30 cm, boom reach: 4.6 m). All 
the harvester heads are equipped with an accumulating device. Time study of harvesting was carried out manually by 
continuous time study method using hand-held data logger Allegro CX. Total working time (E0) represents the duration 
of the shift, but productive working time (E15) is calculated by deducting the time spent on repairs and non-work 
activities. The average productivity figures, which are represented by the volume of timber produced per productive 
working hour in the relevant stem volume group, are plotted using the polynomial regression function represented by 
the equation 1: 
 
  
2xc+xb+a=y                                                          (1) 
 
Where y- productivity, m³ E15 h-1; x- stem volume, m³; a, b, c – regression coefficients. 
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Prime cost calculation of harvesting was done according to the calculation models used in similar studies 
carried out previously (Ackerman et al., 2014; Kalēja et al., 2018)⁠. In the cost calculation it was assumed that 
harvester is employed 24 hours a day (each of the 2 operators works two 6-hour shifts). The average work 
productivity of each unit of the machinery was used for cost calculation. In order to determine the significance 
level of data, T - test and Wilcoxon signed-rank test were used. 
 
RESULTS AND DISCUSSION 
 
Small and medium-sized harvesters are more suitable for thinnings, where dimensions of felled trees are 
relatively small. Trial results show that the volume of most of the felled stems does not exceed 0.1 m³. When 
working with John Deere 1070 E harvester, 16.7 thousand trees were felled and 591 m³ of wood were prepared 
(the average tree height: 12.3 m; d1.3: 8.8 cm, stem volume: 0.04 m³). Within the scope of the study 17.9 thousand 
trees were felled using Rottne H8 harvester and 1 089 m³ of wood were prepared (the average tree height: 11.4 m; 
d1.3: 10.2 cm; stem volume: 0.07 m³). In areas, where John Deere 1070 D harvester was used in thinnings, 13.4 
thousand trees were felled, preparing 86 m³ of wood (the average tree height: 8.0 m; d1.3: 4.3 cm; stem volume: 
0.01 m³). When using Vimek 404 SE harvester, 3.9 thousand trees were felled, preparing 75 m³ of wood (the 
average tree height: 10.7 m; d1.3: 7.2 cm; stem volume: 0.02 m³). The number of trees felled with 
John Deere 1070 D harvester is relatively large, however the amount of prepared wood is small, which could be 
explained by the large share of undergrowth and small-dimension wood (d1.3 smaller than 3 cm) in the total amount 
of felled trees, which were not supposed to be felled according to the task of the study, except for cases, when it 
interferes with thinning. When analysing the average productivity rates of middle-class harvesters, on average 158 
trees per productive hour were processed, preparing 5.6 m³ of wood (the average productive time – 83.5 %; time 
consumed for driving in and driving out – 4.6 % of the total working time), using John Deere 1070 E harvester. 
When using John Deere 1070 D harvester, on average 271 trees per productive hour were felled, preparing 1.7 m³ 
of wood (the average productive time – 75.2 %; time for driving in and driving out – 3.4 % of the total working 
time). In similar studies that were carried out in Sweden and Finland in pre-commercial thinnings using middle-
sized harvesters the average productivity rates range from 3.8 m³  E15 hˉ¹ (the average stem volume: 0.09 m³; 
(Sirén, 2003)⁠) to 9.5 m³  E15 hˉ¹ (the average stem volume: 0.05 m³; (Bergström, 2014)). Productivity rates shown 
by John Deere 1070 D harvester are rather low and most likely the productivity has been influenced by the average 
stem volume of felled trees (0.01 m³), as well as by operator skills, when preparing small-dimension wood in forest 
stands (Kärhä, 2004).⁠ In trials that were carried out with Rottne H8 harvester on average 81 trees were processed 
per productive hour, preparing 5.0 m³ of wood (the average productive time – 83.7 %; time for driving in and 
driving out – 6.1 % of the total working time). When using Vimek 404 ES harvester, on average 180 trees per 
productive working hour were processed, preparing 3.6 m³ of wood (the average productive time – 91.0 %; time 
for driving in and driving out – 3.0 % of the total working time). Small-sized harvesters in pre-commercial 
thinnings have been studied in other countries as well and their productivity rates range from 5.6 m³  E15 hˉ¹ (the 
average stem volume 0.07 m³;(Kärhä, 2004)) ⁠to 8.8 m³  E15 hˉ¹ (the average stem volume 0.09 m³; (Sirén, 2003)⁠). 
Latvian researchers have participated in a study, which involved trials conducted in Sweden with Vimek 404 T5 
harvester with Keto Forest harvester head. The average productivity shown in these trials was 5.5 m³ E15 hˉ¹ 
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(Lazdiņš, 2016)⁠, which indicate that, when improving skills of the operators, productivity increases (Ovaskainen, 
2009)⁠. Comparing the average productivity rates between different harvesters, when felling trees, whose stem volume 
does not exceed 0.1 m³, John Deere 1070 E harvester shows the best results in thinnings, followed by 
John Deere 1070 D, Vimek 404 SE and Rottne H8 harvester. Studies demonstrate that, when reaching certain stem 
dimensions, which correspond to the limit values of the use of harvesters, productivity ceases to increase or decreases 
(Nurminen, 2006). Similar results were obtained in these trials to (John Deere 1070 E – 0.33 m³; Rottne H8 – 




Figure 1. Comparison of average productivity of harvesters in different stem volume groups. 
 
Significant differences were found, when comparing the average productivity of thinning carried out with 
John Deere 1070 E harvester. The average productivity rates of this machine are significantly higher than by 
John Deere 1070 D (p = 0.008 < 0.05); Vimek 404 SE  (p = 0.001 < 0.05) and Rottne H8 (p = 0.000003 < 0.05). In 
thinning average productivity of John Deere 1070 D (p = 0.041 < 0.05)are significantly higher than productivity data 
obtained with Vimek 404 SE harvester. Regression analysis shows that the polynomial regression model explains 
91.5 % (John Deere 1070 E); 81.9 % (Rottne H8); 80.4 % (John Deere 1070 D) and 81.9 % (Vimek 404 SE) of 
changes in productivity rates of harvesters in thinnings. Accordingly, the coefficients of linear regression equations 
of the average productivity rates of each harvester are shown in Table 1. 
One of the main factors that influence the choice of a harvester is the costs of mechanized thinning. The total 
annual production costs of small-class harvesters are lower (119 504 EUR for Vimek 404 SE and 131 300 EUR  for 
Rottne H8) than those of the middle-class harvesters (141 399 EUR for John Deere 1070 E and 142 477 for 
John Deere 1070 D). For Vimek 404 SE harvester the costs are up to 16 % lower than that of John Deere 1070 D 
harvester (the highest production costs), which are largely influenced by the low investment costs and operational 
costs (accordingly, 29 % and 21 % of the total costs). Personal costs for Vimek 404 SE harvester comprise the largest 
share of costs (45 % of the total production costs). For the rest of harvesters personal costs comprise from 37 % 
(John Deere 1070 E) to 41 % (Rottne H8) of the total costs. Operational costs are to a large extent influenced by the 
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Vimek 404 SE) to 25 % (John Deere 1070 E and Rottne H8). Also the profit of 5 % is included in the total costs. The 
lowest costs per working hour were shown by Vimek 404 SE harvesters (39 EUR), followed by John Deere 1070 E 
and Rottne H8 harvesters (46 EUR) and John Deere 1070 D harvester (49 EUR). At the corresponding average 
productivity rates preparation of 1 m³ of wood with John Deere 1070 E costs 8.3 EUR (the average productivity – 
5.6 m³ E15-1), with Rottne H8 – 9.2 EUR (the average productivity – 5 m³ E15-1), with Vimek 404 SE – 9.8 EUR (the 
average productivity 3.9 m³ E15-1) and John Deere 1070 D- 29.1 EUR (the average productivity 1.7 m³ E15-1). 
Changes in wood preparation costs depending on stem value are given in Fig.2. 
 
Table 1. Results of regression analysis of average productivity characteristics of harvesters used in thinning 
Harvester Coefficient Estimate of 
coefficient 
Standard error of 
estimation 
t-value p- value 
John Deere 1070 E a 0.895868 1.071575 0.836028709 0.409338255 
b 91.19156 14.47364 6.300525578 4.56023E-07 
c -49.6721 40.70066 -1.220424181 0.231221528 
Rottne H8 a 1.712063049 0.682744814 2.507617799 0.017094225 
b 53.8443728 9.040072109 5.956188419 9.8169E-07 
c -69.75723927 24.73321021 -2.820387595 0.007947637 
John Deere 1070 D a 0.637783567 1.46680713 0.43481079 0.67210702 
b 100.7931133 31.43759951 3.206132621 0.008362893 
c -163.9584908 121.6288765 -1.348022736 0.204755484 
Vimek 404 SE a 1.285216303 0.785159549 1.636885528 0.127592473 
b 85.88025259 20.8986593 4.109366603 0.001447908 
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1. Comparing the harvesters used for thinning it was found that higher average productivity (5.6 m³ E15h-1; stem 
volume 0.03 m3) was achieved when using a medium-sized harvester John Deere 1070 E equipped with the 
H 754 harvester head. The average productivity shown by John Deere 1070 E is significantly higher (p = 0.008 
< 0.05) than that of John Deere 1070 D equipped with the Bracke C16.b harvesting head. Comparing small-
sized harvesters, higher productivity (5.0 m³ E15h-1; stem volume 0.06 m3) in thinning was achieved, when 
working with Rottne H8 equipped with the EGS 406 harvester head. Trials show that the average productivity 
is significantly influenced by operator skills. 
2. The total annual costs of small-sized harvesters are lower than those of middle-class harvesters. The total costs 
of Vimek 404 SE harvester equipped with the KETO Forst ECO harvester head are up to 16 % lower 
comparing with those of John Deere 1070 D harvester equipped with the Bracke C16.b harvester head (the 
highest production cost). The total costs are influenced by the relatively low investment and operational costs 
to a large extent.  
3. According to the trials conducted, at the level of middle-sized harvesters wood preparation costs in thinnings 
are lower, when working with John Deere 1070 E (8.3 EUR m-3), but at the level of small-class harvesters – 
when working with Rottne H8 (9.2 EUR m-3). This demonstrates that harvester productivity has a significant 
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